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(57) ABSTRACT 

Embodiments of the invention enable the efficient use of 
shared resources by different processes, Such as background 
and foreground processes Sharing a mass Storage device. 
Thus, disk intensive operations, Such as file indexing, do not 
unduly interfere with higher priority processes. In one 
embodiment, a first proceSS is permitted to access a com 
puter resource for a first predetermined time period After the 
first predetermined time period has elapsed, the first process 
is inhibited from accessing the computer resource for a 
Second predetermined time period. After the Second prede 
termined time period has elapsed, a determination is made as 
to whether the computer resource is idle, wherein if the 
computer resource is not idle, the embodiment waits for a 
third predetermined time period and again determining if the 
computer resource is idle, and wherein if the computer 
resource is idle, the embodiment allows the first process to 
access the computer resource again. 
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METHODS AND SYSTEMS FOR PERFORMING 
OPERATIONS IN RESPONSE TO DETECTING A 

COMPUTER IDLE CONDITION 

PRIORITY CLAIM 

0001) This application claims the benefit under 35 U.S.C. 
119(e) of U.S. Provisional Application No. 60/528,787, filed 
Dec. 10, 2003, the contents of which are incorporated herein 
in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention is related to allocation of 
computer resources, and in particular to sharing computer 
resources based in part on detecting an idle condition. 
0004 2. Description of the Related Art 
0005. Many conventional general-purpose computers, 
Such as personal computers, spend a significant portion of 
their time executing an idle loop because these conventional 
computers are typically capable of executing instructions at 
a much faster rate than required by the Software that they 
run. Often, even a program which is running without waiting 
for user interaction will often end up giving CPU cycles to 
the idle loop because the program is waiting for disk I/O 
operations, Such as data transferS to or from a hard disk 
drive, to complete. For example, if a single disk head seek 
takes 10 milliseconds, the computer processor clocked at 2 
gigahertz can execute 20 million idle instruction cycles 
during the 10 milliseconds. Each Such seek which occurs per 
second will cause the CPU to spend an additional 1% of its 
time in the idle loop. 
0006. In many conventional modem operating systems, 
multiple programs may be run at once. A distinction is often 
made between the program the user is interacting with or 
waiting for, called the foreground process, and one or more 
programs that are running tasks less important to the user at 
the moment, called background processes. Background pro 
ceSSes may run at a lower Scheduling priority than the 
foreground proceSS, So that the background processes will 
not unduly slow down the primary computational task. 
Some Such background processes may Voluntarily Set their 
own priorities to a very low level, Sometimes referred to as 
"idle priority', in an attempt to have no or little impact on 
the apparent Speed of the computer from the user's perspec 
tive. With Such a low priority, many conventional operating 
Systems will allow these processes to run only when the 
System would otherwise be running its idle loop. 

0007 Such a scheme may work adequately if a back 
ground proceSS is only going to utilize processor computa 
tion resources. However, if the background process accesses 
the disk at the same time that the foreground process does, 
System performance may rapidly deteriorate. Because a 
Single disk head Seek can take approximately 10 millisec 
onds, only 100 Such seeks may be performed every Second. 
If the background process causes the disk heads to move 
away from the area of the disk that the foreground proceSS 
was about to access next, the foreground process may spend 
20 milliseconds waiting for the disk head to move to the 
location the background proceSS is accessing and back 
again. 
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0008. When the foreground process is performing tasks 
whose completion time is bound by disk I/O speed, such 
disk head SeekS resulting from Sharing disk access with the 
background proceSS can cause the overall task completion 
time to take many times longer as compared to the Scenario 
where the foreground proceSS has exclusive use of the disk. 
This is because the disk may be performing many SeekS 
where none may be needed if only one proceSS were 
accessing the disk. 
0009. By way of example, one background process could 
be an indexing process. The indexing process may perform 
many disk I/O operations, Such as when indexing the con 
tents of the user's hard disk to allow the user to rapidly find 
files which contain certain words or phrases. Such a back 
ground process, even if Set to run at "idle priority', may 
greatly slow down the apparent Speed of a foreground 
process that performs disk I/O operations because, while 
running, the indexing proceSS is constantly reading from and 
Writing to the user's hard disk. 

SUMMARY OF THE INVENTION 

0010. As discussed below, embodiments of the present 
invention enable the efficient use of shared resources by 
different processes, Such as background and foreground 
processes Sharing a mass Storage device. Thus, disk inten 
Sive operations, Such as file indexing, do not unduly interfere 
with higher priority processes. 
0011. One embodiment provides method of determining 
when to perform a computer background process, the 
method comprising: allowing the computer background pro 
ceSS to access a computer resource for a first predetermined 
time period; after the first predetermined time period has 
elapsed, inhibiting the computer background process from 
accessing the computer resource for a Second predetermined 
time period; after the Second predetermined time period has 
elapsed, determining if the computer resource is being used 
by another process, wherein if the computer resource is 
being used by another process, waiting for a third predeter 
mined time period and again determining if the computer 
resource is being used by another process, and if the 
computer resource is not being used by another process, 
allowing the computer background process to access the 
computer resource again. 
0012 Another embodiment provides a computer system 
that detects a computer resource idle condition, the com 
puter System comprising: a processor; memory coupled to 
the processor, a computer resource, and program instruc 
tions Stored in computer readable memory configured to: 
enable a computer background process to access the com 
puter resource for a first time period; after the first prede 
termined time period has elapsed, prevent the computer 
background process from accessing the computer resource 
for a Second time period; determine if the computer resource 
is idle; allow the computer background process to access the 
computer resource again if the computer resource is idle; 
prevent the computer background process from accessing 
the computer resource for a third time period, if the com 
puter resource is not idle, and after the third time period, 
again determine if the computer resource is being used by 
another process. 
0013 Still another embodiment provides a method of 
allocating access to a computer resource, the method com 
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prising: permitting a first process to access a computer 
resource for a first time period; after the first time period has 
elapsed, inhibiting the first process from accessing the 
computer resource for a Second time period; after the Second 
time period has elapsed, determining if the computer 
resource is idle based at least in part on a computer resource 
performance indicator, wherein if the computer resource is 
not idle, waiting for a third predetermined time period and 
again determining if the computer resource is idle, and if the 
computer resource is idle, allowing the first process to acceSS 
the computer resource again. 
0.014. Yet another embodiment provides a system that 
allocates access to a computer resource, the System com 
prising: computer readable memory; and instructions Stored 
in the computer readable memory configured to: permit a 
first process to access a computer resource for a first time 
period; after the first time period has elapsed, inhibit the first 
proceSS from accessing the computer resource for a Second 
time period; after the Second time period has elapsed, 
determine if the computer resource is idle based at least in 
part on a computer resource performance indicator, wherein 
if the computer resource is not idle, cause the first proceSS 
to wait for a third predetermined time period and again 
determine if the computer resource is idle, and if the 
computer resource is idle, allow the first process to acceSS 
the computer resource again. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 illustrates an example system that can be 
utilized with an embodiment of the present invention. 
0016 
proceSS. 

FIG. 2 illustrates an example resource Sharing 

0017 FIG. 3 illustrates another example resource sharing 
proceSS applied to a background process that accesses a disk 
drive. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.018 Embodiments of the present invention determine 
when a computer and/or resource therein is idle. The deter 
mination can take into account the processor or central 
processing unit (CPU) load, as measured by the time spent 
in the idle loop, as well as the load on other shared System 
resources, Such as disk drives. Based on Such determination, 
a background process is Selectively provided access to the 
shared resource. 
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0019. Unless otherwise indicated, the functions described 
herein are preferably performed by executable code and 
instructions running on one or more general-purpose com 
puters, terminals, personal digital assistants, other proces 
Sor-based Systems, or the like. However, the present inven 
tion can also be implemented using special purpose 
computers, State machines, and/or hardwired electronic cir 
cuits. The example processes described herein do not nec 
essarily have to be performed in the described Sequence, and 
not all States have to be reached or performed. 

0020 Embodiments of the present invention can be used 
with numerous different operating Systems, including by 
way of example and not limitation, Microsoft's Windows 
operating Systems, Sun Solaris operating Systems, Linux 
operating Systems, Unix operating Systems, Apple operating 
Systems, as well as other operating Systems. 

0021. By way of example, with respect to operating 
systems based on Microsoft Windows NT (including with 
out limitation Windows 2000, Windows 2003 and Windows 
XP), the operating System provides a mechanism whereby 
the various Subsystems, such as the CPU, network hardware, 
disk drives, other mass Storage devices, etc., can include 
"performance counters' which are used to record Statistics 
regarding their operation. For example, a network interface 
might provide information about the number of packets the 
network interface has received, the number of packets 
waiting to be sent, and other values that would allow a 
program to analyze or display the current load and perfor 
mance of the network hardware. 

0022. For a disk drive, the disk-related statistics can 
include the percentage of time the disk is idle, the average 
number of bytes or other data amount per read, the number 
of writeS per Second, and many other Similar values. These 
values are made available to running programs through a 
variety of mechanisms, including the System registry, the 
“Performance Data Helper' library, and/or Windows Man 
agement Instrumentation (WMI). Some of these values are 
averages or occurrences over time (for example, bytes per 
Second), and Some values, Such as "current disk queue 
length,” give a program access to what is happening at 
Substantially the current moment. 

0023. By way of further example, Windows Server 2003 
provides the performance counters described in Table 1. 

TABLE 1. 

PhysicalDisk Object 

The PhysicalDisk performance object includes counters that monitor hard or fixed disk drives. Disks are used 
to store file, program, and paging data. They are read to retrieve these items, and are written to record 

changes to them. The values of physical disk counters are sums of the values of the logical disks 
or partitions) into which they are divided. 

Counter 
Name Description 

% Disk Read Shows the percentage of time that the selected disk drive was busy servicing read requests. 
Time 
% Disk Time Shows the percentage of elapsed time that the selected disk drive was busy servicing read or 

write requests. 
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TABLE 1-continued 

PhysicalDisk Obiect 
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The PhysicalDisk performance object includes counters that monitor hard or fixed disk drives. Disks are used 
to store file, program, and paging data. They are read to retrieve these items, and are written to record 

changes to them. The values of physical disk counters are sums of the values of the logical disks 
or partitions) into which they are divided. 

Counter 
Name Description 

% Disk Shows the percentage of elapsed time that the selected disk drive was busy servicing write 
Write Time requests. 
% Idle Time Shows the percentage of elapsed time during the sample interval that the selected disk drive 

was idle. 
Avg. Disk Shows the average number of bytes that were transferred from the disk during read 
Bytes/Read operations. 
Avg. Disk Shows the average number of bytes that were transferred to or from the disk during write or 
Bytes/ 
Transfer 

read operations. 

Avg. Disk Shows the average number of bytes that were transferred to the disk during write 
Bytes/Write operations. 
Avg. Disk Shows the average number of both read and write requests that were queued for the selected 
Queue 
Length 

disk during the sample interval. 

Avg. Disk Shows the average number of read requests that were queued for the selected disk during 
Read Queue the sample interval. 
Length 
Avg. Disk Shows the average time, in seconds, of a read of data from the disk. 
sec/Read 
Avg. Disk Shows the average time, in seconds, of a disk transfer. 
secTransfer 
Avg. Disk Shows the average time, in seconds, of a write of data to the disk. 
sec/Write 
Avg. Disk Shows the average number of write requests that were queued for the selected disk during 
Write Queue the sample interval. 
Length 
Current Disk Shows the number of requests that were outstanding on the disk a the time that the 
Queue performance data was collected. This is a snapshot, not an average over the time interval. 
Length It includes requests in service at the time of the collection. Multispindle disk devices can 

have multiple requests active at one time, but other concurrent requests are awaiting service. 
This counter might reflect a transitory high or low queue length, but if this counter is 
consistently high, then it is likely that there is a sustained load on the disk drive. Requests 
experience delays proportional to the length of this queue, minus the number of spindles on 
the disks. This difference should average less than two. 

Disk Shows the rate, in incidents per second, at which bytes were transferred to or from the disk 
Bytes/sec during write or read operations. 
Disk Read Shows the rate, in incidents per second, at which bytes were transferred from the disk 
Bytes/sec during read operations. 
Disk Shows the rate, in incidents per second, at which read operations were performed on the 
Reads/sec disk. 
Disk Shows the rate, in incidents per second, at which read and write operations were performed 
Transfersfsec on the disk. 
Disk Write Shows the rate, in incidents per second, at which bytes were trans 
Bytes/sec write operations. 

erred to the disk during 

Disk Shows the rate, in incidents per second, at which write operations were performed on the 
Writes/sec disk. 
Split IO/sec Shows the rate, in incidents per second, at which input/output (I/O) requests to the disk 

were split into multiple requests. A split I/O might result from requesting data in a size that 
is too large to fit into a single I/O, or from a fragmented disk subsystem. 

0024. In an example embodiment, a background process 
running at idle priority uses performance counters, option 
ally including one or more of the counters discussed above, 
and/or other mechanisms to determine the immediate load 
on a resource, Such as a magnetic or optical mass Storage 
device, it wishes to use. The background process can then 
determine when idle cycles are being allocated to the 
background process because another process, Such as a 
foreground process, is waiting for an operation on that same 
resource to complete. In Such cases, the background proceSS 
optionally refrains from imposing an additional load on the 
resource, So that the other proceSS can run without delay. The 

background proceSS can periodically check the idle cycle 
allocation, and Selectively determine when to access the 
resource So as not to unduly inhibit foreground processes 
access of the resource. This allows the System to run at 
Substantially full Speed, because the background process is 
only using idle CPU cycles to wait for the resource to 
become available and not using the resource itself. 
0025. An embodiment optionally utilizes a background 
process which performs indexing of the contents of a user's 
hard disk without impacting System performance under 
Windows-NT based operating systems to an extent that 
would be readily noticeable by a user. The indexing proceSS 
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performs many disk I/O operations when indexing the 
contents of the user's hard disk to allow the user to rapidly 
find files which contain certain words, phrases, or Strings. 
0026. By way of example, a search application can be 
Stored on and executed by a user or host terminal. The Search 
application can provide user interfaces for Searching email, 
files, Web sites, cached Web pages, databases and/or the like. 
In addition, the Search application can include a local indeX 
engine that indexes email, files, cached Web pages, data 
bases and the like, Stored in a data repository or database. 
For example, Web pages previously viewed in the Search 
application's view pane or area, and optionally, Stored Web 
pages previously viewed using other user browsers, or 
otherwise Stored locally can be indexed. Separate indexes 
can be used for the email, files, cached Web pages, databases 
and the like, or a single index can be used for the foregoing. 
0027. The index engine can further include code config 
ured as a Scan engine or module that is used to determine 
whether a file is to be indexed. Thus, the indeX engine can 
also Scan files to identify new targets, Such as email, 
document files, Web pages, database entries, and the like, 
that have not yet been indexed, or targets that have previ 
ously been indexed but have since been modified. Option 
ally, rather then re-indeX all corresponding targets each time 
an indeX operation is performed, the indeX engine can 
incrementally index just the new or modified targets or 
documents. In addition, the indeX engine can refrain from 
indexing until it determines that the mass Storage device, 
which Stores the data or files to be indexed, is not being 
utilized by a higher priority or foreground process. 
0028. The index engine can utilize one or more indexing 
algorithms to create an index, Such as a reverse or inverted 
indeX. The indeX includes a data Structure that associates 
character Strings with files, documents, and the like. In one 
example embodiment, for each word or character String 
found with a file or document, the index stores which fields 
of which documents or files contain that word or character 
String. 
0029. By way of example, the background process 
checks a performance counter, Such as the counter named 
“\\PhysicalDisk\Current Disk Queue Length” for the spe 
cific disk drive instance it wishes to read from or write to. 
Alternatively or in addition, the background process can 
access the aggregate total value of the current disk queue 
lengths for all of the physical disk drives, whose instance is 
known as “ Total. Advantageously, this is easier than 
keeping track of which disk drive the process is about to 
access and checking only that one drive's queue length. 
0.030. However, because Windows NT-based operating 
Systems perform many disk and mass Storage I/O operations 
asynchronously to and from a System cache, the background 
proceSS can mistake disk I/O being performed on its own 
behalf as disk I/O from another process. For example, when 
a process writes to the disk, the data is typically written to 
a memory based disk cache, and then written out to the disk 
at a later time, allowing the process to continue operations 
without waiting for the disk write to complete. Thus, a check 
of the "current disk queue length' performance counter may 
not be, on its own, adequate or Sufficient to allow a back 
ground process to determine whether or not another proceSS 
is using the disk drive, because a queued operation might be 
on behalf the background process itself. If the background 
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process were to give up the idle CPU cycles being offered 
under these circumstances, the background proceSS would 
“err on the side of caution” and not affect the speed of 
foreground processes, but the background process also 
would not make full use of the available processor and disk 
bandwidth. 

0031. In one embodiment, this problem is solved by 
optionally allowing the background process to use idle 
cycles for a certain accumulated amount of time, Such as 90 
milliseconds or other designated time period, to perform 
disk intensive operations. The background process then 
waits a given amount of time, Such as, by way of example, 
10 milliseconds, and checks for pending disk or mass 
Storage I/O by checking the “current disk queue length” 
counter, or other appropriate performance indicator. If the 
counter value is 0 or less than a specified threshold, the 
background process takes another time period, Such as a 90 
millisecond slice of idle time, and can utilize the disk. When 
the counter value is non-Zero, or greater than a designated 
threshold, the background process waits a designated 
amount of time, Such as 10 milliseconds, before checking 
again. This 90/10 procedure allows the background process 
to use the disk for 90 percent, or other designated amount of 
the idle time, to perform computations and to access the 
disk. 

0032. In another embodiment, the process gates only the 
disk operations performed in the background process, So that 
the background process can still use CPU or other resources, 
even as the other processes use the disk. For example, during 
the 10 millisecond waiting period, the background process 
may choose to perform other tasks, Such as computation, 
that do not use mass Storage I/O without affecting the Speed 
of the foreground process. 

0033. When the disk is being used heavily by a fore 
ground process, it is most likely that the disk queue length 
will be greater than Zero when the background proceSS 
checks. The fact that the “idle priority” background process 
is being given CPU cycles indicates that other processes on 
the System are waiting for Something. If the other processes 
are waiting for the disk, then the “current disk queue length 
counter will be non-zero. Despite being given the idle CPU 
cycles, the background process will therefore not impose an 
additional load on the shared resource at this time, though it 
may optionally choose to perform purely computational 
tasks or tasks that access other shared resources not cur 
rently in use. 

0034. By way of another example, under Microsoft Win 
dows operating Systems based on Windows 95, including 
Windows 98 Windows ME, and other Windows 9x variants, 
there is a similar performance counter mechanism provided 
by the operating System. Unfortunately, by default, for these 
operating Systems there are no counters for the disk Sub 
System which measure the immediate load, Such as the 
“current disk queue length” counter provided in NT-based 
Systems. Thus, under a Windows 95-based operating System, 
such a counter needs to be provided. Windows 95 and its 
variants provide a mechanism called “Virtual Device Driv 
ers' also known as VxDs, which can be inserted into the 
System I/O chain dynamically by a running application. One 
Such mechanism is provided by the System entry point 
available to VxDs named IFSMgr InstallFileSystemApi 
Hook(). Under Win 9x operating systems, drivers can 
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monitor disk acceSS operations by installing themselves via 
the IFS (installable file system) manager service, IFSM 
gr InstallFileSystemAPIHook. 
0035). During device initialization, a VxD calls the IFS 
Service, passing the address of its hook procedure as an 
argument. The IFS manager service, IFSMgr InstallFile 
SystemAPIHook, inserts that address in an API function 
hook list. IFS manager API function calls involve calling 
installed hook procedures with parameters indicating the 
type of request, the drive being accessed, a pointer to an IFS 
I/O request Structure, and other information. Thus, via the 
hook, the VxD can monitor file operations that result in disk 
activity, Such as open, read, or write operations. 
0036). In an embodiment, a background process running 
under Windows 95 and its successors dynamically loads a 
VxD which uses this entry point to insert code of its own 
which is called whenever a file I/O operation occurs. The 
VxD maintains a count of the number of threads, wherein 
each process contains one or more Simultaneously executing 
threads, which have called into the file system but not 
returned. This mechanism provides a value Similar to the 
NT-based operating System's "current disk queue length” 
counter, and the background proceSS can obtain this counter 
value by numerous methods, Such as, by way of example, a 
DeviceIoControl() system call, which sends a control code 
to a Specified device driver, causing the corresponding 
device to perform the corresponding operation. 
0037. One embodiment, which can be used in systems 
utilizing Windows 95-based operating systems or the like, 
has the VXD increment a counter each time a file or disk I/O 
operation is initiated. The background proceSS checks the 
value of this counter before and after an interval, Such as the 
10 millisecond wait interval described above. If the value 
has changed, the background process uses this as an indi 
cation that another process has used the disk in the interim 
and is possibly Still using the disk, and So backs off and waits 
for an additional period or periods of time, Such as additional 
10 millisecond intervals, until the counter value Stops chang 
Ing. 

0.038 While the foregoing example utilizes a 90/10 cycle 
ratio, other ratios, or combinations of ratioS can be used, 
including other integer ratios and non-integer ratioS. For 
example, the process can use a 90/10 ratio, then 18/7, 30/10, 
50/10, 70/10, 82/11, back up to 90/10, or approximations 
thereof, So that the background proceSS does not just jump 
into a Small period of nonuse by a foreground proceSS and 
take another 90 milliseconds of disk use. Still other ratios 
can be used Such as approximately 10:1, 8:1, 6:1, 4:1, 2:1, 
1:1, 20:1, and So on. Thus, once disk activity has been 
detected, the proceSS optionally slowly ramps up to full 
Speed to make Sure that the background process does not 
Slow the System down too much by prematurely designating 
a disk as idle, when actually the foreground process was just 
about to continue its I/O after a very brief pause for 
computation. 
0.039 The foregoing techniques are techniques for deter 
mining when foreground processes are being used. Other 
techniques can be used for determining when other appli 
cations are accessing any resource with Significant context 
Switching time Such as a hard disk, an optical drive, a tape 
drive, a floppy disk drive, or external coprocessor Such as for 
graphics. 
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0040. By way of example, a filter driver can be installed 
ahead of a System device driver associated with the mass 
Storage device. The filter driver monitors each call into the 
device driver, and keeps track of one or more of the 
following: 

0041 a... how many calls are actively in the device driver 
at any given time 

0042 b. when the last call was made into the device 
driver 

004.3 c. how many total calls have been made into the 
device driver 

0044) Based on one or more of the foregoing, the filter 
driver, or a module in communication with the filter driver, 
determines whether the mass Storage device is being 
accessed by a foreground or other process. 
0045 Similarly, virtual device drivers can be dynami 
cally installed that intercept file or disk I/O calls and thereby 
determine which applications or processes are accessing the 
mass Storage device. 
0046 Still another technique utilizes a program that 
monitorS System calls that can result in file and/or mass 
Storage I/O operations being performed. The monitor pro 
gram installs “thunks”, wherein the addresses of the System 
entry points are replaced with addresses that point to a stub 
that increments a counter and then calls the original System 
entry point. 
0047 Yet another technique utilizes performance-moni 
toring facilities, such as SNMP (Simple Network Manage 
ment Protocol), WMI (Windows Management Instrumenta 
tion), and the like. 
0048. Another technique is performed by timing mass 
Storage operations in the background proceSS and detecting 
when they take more than a certain or predetermined amount 
of time. For example, if a disk drive has been determined to 
Seek at an average rate of 10 milliseconds (based on his 
torical readings), a read or write operation that takes more 
than 2x or other Selected multiple is a sign that the disk is 
busy. Thus, if a read, write, or other disk operation takes 
more than a predetermined amount of time, a determination 
is made that the disk is not idle, and the background process 
will not attempt to access the disk at this time. 
0049 Optionally, rather than utilize the 90/10 cycle 
described above, one embodiment associates disk operations 
with their processes. Thus, rather than just relying on the 
performance counters, an NT file system filter driver is used 
that determines which process has performed the disk I/O 
and can “ignore” changes in the counter or items in an I/O 
queue when those items are known to be from the back 
ground process, either by their process ID or by the name of 
the file being accessed. 
0050. The use of the foregoing techniques are not limited 
to shared mass Storage devices, but can be similarly applied 
to other shared resources. For example, Similar techniques 
can be used with process Switching, to run a background task 
less often if the foreground task keeps reloading data into the 
processor cache. Another application of the foregoing tech 
niques is with respect to the use of a wireleSS card that has 
to be Switched between two networks, where it takes a 
Significant amount time to make the Switch. Similarly, the 
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above techniques can be applied to a shared network with 
limited bandwidth. For example, there may be multiple 
processes trying to access the Internet, and use of the 
foregoing techniques avoid having a background proceSS 
Slow down a transfer being made by a foreground process. 
0051 FIG. 1 illustrates an example system that can 
utilize one or more of the idle detection processes discussed 
above. FIG. 1 depicts a computer system 100, including a 
computer 102, an operating System 118, running a fore 
ground process 120 and a background process 122 (Such as 
an indeX process) in memory 116, which can be random 
access memory (RAM), coupled to a CPU (central process 
ing unit) 104 via a memory bus 114, a disk controller 106 
coupled to the CPU 104 via peripheral bus 112, one or more 
mass Storage devices 108, including one or more of mag 
netic hard disk drives, optical drives, Solid State non-volatile 
memory, or the like. In addition, a video controller 110 is 
coupled to the CPU 104 and to a monitor 124. The computer 
System 100 includes performance monitoring Software, Such 
as discussed above, used to determine when the mass Storage 
device 108 is being utilized by the foreground process, and 
when the background process 122 should access the mass 
storage device 108. 
0.052 FIG. 2 illustrates an example resource sharing 
process that is performed during a "time slice' of a multi 
processing System where there is a foreground proceSS and 
a background process. The background proceSS checks the 
busy State of a shared device before using the shared device 
So as to not slow down, or Significantly slow down, the 
foreground processes use of that Same shared device. By 
way of example, the background proceSS can be a file index 
process that indexes files Stored on a mass Storage device, 
while the foreground process can be a word processor, a 
Spreadsheet program, an email client, a database application, 
a browser, and So on. AS depicted, the Scheduling proceSS 
takes into account access to a shared device, which can be 
a mass Storage device or peripheral, by way of example. This 
illustrates how Support for the idle detection and background 
process Scheduling algorithm can optionally be incorporated 
directly into the System Scheduler. AS illustrated, at State 
202, the foreground process is waiting for Some event that 
may or may not be completion of I/O to the shared device. 
If the background proceSS is not ready at State 204, the 
System enters an idle loop 206. If the background process is 
ready, the process proceeds from state 204 to state 208, and 
the background proceSS is allowed to run. The background 
process then attempts to utilize the shared device. If, at State 
210, the shared device is busy, the system enters an idle loop 
at state 206. If the shared device is not busy, the background 
process accesses the shared device at State 212. 
0053 FIG. 3 shows an external (not in the operating 
System) implementation which allows the background pro 
ceSS to use a large percentage, Such as 90%, of the available 
idle CPU time as long as the disk or other mass Storage 
device is not busy. This example process compensates for 
the fact that Some of the time the background process may 
see its own disk activity by running in 90 millisecond bursts 
before checking the disk. This avoids the problem of the 
background process waiting more than it has to because it 
Sees its own I/O activity and misinterprets the activity as 
being associated with another process. By way of example, 
the background proceSS can be a file indeX process that 
indexes files Stored on a mass Storage device. 
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0054 As depicted in FIG. 3, at state 302 the process 
Starts, and at State 304 resets an accumulated variable dt to 
0. At state 306, the current time is stored in variable t0. At 
State 308, a designated amount of background processing 
involving disk acceSS is performed. At State 310, the current 
time is stored in variable t1. At state 312, the elapsed time 
is accumulated into the variable dt, where dt=dt--(t1-t()). At 
State 314, a determination is made as to whether dt is leSS 
than or equal to a first threshold. If dt is less than or equal 
to a first threshold, for example, 90 mSec, the process 
proceeds back to state 306, where the current time is stored 
in variable to. If dt is greater than the first threshold, then at 
State 316 the background process waits a designated period 
of time, Such as 10 msec. At state 318, a determination is 
then made as to whether the disk is in use. If So, the process 
waits another 10 msec before trying again. Otherwise, the 
accumulated time is reset to 0 and the proceSS repeats. 
0055. It should be understood that certain variations and 
modifications of this Suggest themselves to one of ordinary 
skill in the art. The scope of the present to be limited by the 
illustrations or the foregoing descriptions thereof. 
What is claimed is: 

1. A method of determining when to perform a computer 
background process, the method comprising: 

allowing the computer background process to access a 
computer resource for a first predetermined time 
period; 

after the first predetermined time period has elapsed, 
inhibiting the computer background proceSS from 
accessing the computer resource for a Second prede 
termined time period; 

after the Second predetermined time period has elapsed, 
determining if the computer resource is being used by 
another process, wherein 
if the computer resource is being used by another 

process, waiting for a third predetermined time 
period and again determining if the computer 
resource is being used by another process, and 

if the computer resource is not being used by another 
process, allowing the computer background process 
to access the computer resource again. 

2. The method as defined in claim 1, wherein the com 
puter resource is a mass Storage device. 

3. The method as defined in claim 1, wherein the com 
puter resource is a magnetic Storage device. 

4. The method as defined in claim 1, wherein the com 
puter resource is a graphics processor or a network interface. 

5. The method as defined in claim 1, wherein the act of 
determining if the computer resource is being used by 
another process includes reading a performance counter, 
wherein the Second time period expires after the perfor 
mance counter ceases to provide an indication that the 
background proceSS is accessing the computer resource. 

6. The method as defined in claim 1, wherein the second 
time period is Selected to ensure that the determination act 
does not incorrectly indicate that the computer resource is 
being used by another process. 

7. The method as defined in claim 1, wherein the act of 
determining if the computer resource is being used by 
another proceSS includes reading a queue length asSociated 
with the computer resource. 



US 2005/0149932 A1 

8. The method as defined in claim 1, wherein the com 
puter resource includes a plurality of physical disk drives, 
and wherein the act of determining if the computer resource 
is being used by another proceSS is based at least in part on 
queue lengths for the plurality of physical disk drives. 

9. The method as defined in claim 1, wherein the back 
ground proceSS is inhibited from accessing the computer 
resource when there is a non-Zero queue length for the 
computer resource. 

10. The method as defined in claim 1, wherein the act of 
determining if the computer resource is being used by 
another process is performed using a virtual device driver. 

11. The method as defined in claim 1, wherein the act of 
determining if the computer resource is being used by 
another proceSS is performed using one or more of a filter 
driver, a thunk, Simple network management protocol, win 
dows management instrumentation, or timing SeekS. 

12. The method as defined in claim 1, wherein the 
background proceSS is a file indexing process. 

13. The method as defined in claim 1, wherein the 
background process is a file indexing proceSS and the 
foreground proceSS is a word processor. 

14. The method as defined in claim 1, wherein the 
background process is a file indexing proceSS and the 
foreground proceSS is an email process. 

15. The method as defined in claim 1, wherein the 
background process is an indexing process that indexes one 
or more of email, files, or web pages. 

16. The method as defined in claim 1, wherein the 
foreground proceSS is a word processor, a spreadsheet pro 
gram, an email client, a database application, or a browser 
proceSS. 

17. The method as defined in claim 1, wherein the ratio of 
the first predetermined time period to the Second predeter 
mined time period is about 20:1, 10:1, 9:1, 8:1, 7:1, 6:1, 5:1, 
4:1, 3:1, or 2:1, or is a non-integer ratio. 

18. The method as defined in claim 1, further comprising: 
allowing the computer background process to access a 

computer resource for a fourth predetermined time 
period; and 

after the fourth predetermined time period has elapsed, 
inhibiting the computer background process from 
accessing the computer resource for a fifth predeter 
mined time period, wherein the ratio of the first pre 
determined time period to the Second predetermined 
time period is different than the ratio of the fourth 
predetermined time period to the fifth predetermined 
time period. 

19. The method as defined in claim 1, wherein determin 
ing if the computer resource is being used by another proceSS 
is based at least in part on one or more of 

the number of calls actively in a device driver associated 
with the computer resource; 

when the last call was made into the device driver; or 
the number of total calls have been made into the device 

driver. 
20. The method as defined in claim 1, wherein determin 

ing if the computer resource is being used by another proceSS 
is based at least in part on one or more of 

information regarding the number of packets the com 
puter resource has received; 
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or information regarding the number of packets waiting to 
be sent by the computer resource. 

21. The method as defined in claim 1, wherein determin 
ing if the computer resource is being used by another process 
is based at least in part on how long a first computer resource 
operation took. 

22. The method as defined in claim 1, further comprising 
determining a load on the computer resource based on one 
or more of: 

an average number of read and write requests queued for 
the computer resource during a Sample interval; 

an average number of read requests queued for the 
computer resource during a corresponding Sample 
interval; 

an average number of write requests queued for the 
computer resource during a corresponding Sample 
interval; or 

a number of outstanding computer resource requests. 
23. The method as defined in claim 1, wherein the 

background proceSS accesses a Second computer resource 
during the Second predetermined time period. 

24. The method as defined in claim 1, wherein the second 
predetermined time period is the Same as the third prede 
termined time period. 

25. A computer System that detects a computer resource 
idle condition, the computer System comprising: 

a proceSSOr, 

memory coupled to the processor; 

a computer resource; and 
program instructions Stored in computer readable memory 

configured to: 

enable a computer background process to access the 
computer resource for a first time period; 

after the first predetermined time period has elapsed, 
prevent the computer background process from 
accessing the computer resource for a Second time 
period; 

determine if the computer resource is idle; 
allow the computer background process to access the 

computer resource again if the computer resource is 
idle; 

prevent the computer background process from access 
ing the computer resource for a third time period, if 
the computer resource is not idle, and after the third 
time period, again determine if the computer 
resource is being used by another process. 

26. The computer System as defined in claim 26, wherein 
the computer resource is a mass Storage device. 

27. The computer system as defined in claim 26, wherein 
the computer resource is a magnetic Storage device. 

28. The computer system as defined in claim 26, wherein 
the computer resource is a graphics processor or a network 
interface. 

29. The computer system as defined in claim 26, further 
comprising a performance indicator used to determine if the 
computer resource is idle, wherein the Second time period is 
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Selected to expire after the performance indicator ceases to 
provide an indication that the background proceSS is access 
ing the computer resource. 

30. The computer system as defined in claim 26, wherein 
the Second time period is Selected to ensure that the idle 
determination does not incorrectly indicate that the com 
puter resource is being used by another process. 

31. The computer system as defined in claim 26, further 
comprising a queue length associated with the computer 
resource, wherein the queue length provides an indication as 
to whether the computer resource is idle. 

32. The computer system as defined in claim 26, wherein 
the computer resource includes a plurality of physical disk 
drives and associated queue lengths for the plurality of 
physical disk drives, wherein the queue lengths provide an 
indication as whether the plurality of physical disk drives are 
idle. 

33. The computer system as defined in claim 26, further 
comprising a computer resource queue having an associated 
length, wherein the background process is inhibited from 
accessing the computer resource when there is a non-Zero 
queue length for the computer resource. 

34. The computer system as defined in claim 26, further 
comprising a virtual device driver that provides a computer 
resource idle indication. 

35. The computer system as defined in claim 26, further 
comprising one or more of a filter driver, a thunk, Simple 
network management protocol, windows management 
instrumentation, or disk Seek timing instructions, that pro 
vide a computer resource idle indication. 

36. The computer system as defined in claim 26, wherein 
the background proceSS is a file indexing process. 

37. The computer system as defined in claim 26, wherein 
the background process is a file indexing proceSS and the 
foreground proceSS is a word processor. 

38. The computer system as defined in claim 26, wherein 
the background process is a file indexing proceSS and the 
foreground proceSS is an email process. 

39. The computer system as defined in claim 26, wherein 
the background process is an indexing process that indexes 
one or more of email, files, or web pages. 

40. The computer system as defined in claim 26, wherein 
the foreground proceSS is a word processor, a spreadsheet 
program, an email client, a database application, or a 
browser process. 

41. The computer system as defined in claim 26, wherein 
the ratio of the first predetermined time period to the Second 
predetermined time period is about 20:1, 10:1, 9:1, 8:1, 7:1, 
6:1, 5:1, 4:1, 3:1, or 2:1, or is a non-integer ratio. 

42. The computer system as defined in claim 26, further 
comprising instructions Stored in computer readable 
memory configured to: 

allow the computer background process to access a com 
puter resource for a fourth predetermined time period; 

after the third predetermined time period has elapsed, 
inhibit the computer background process from access 
ing the computer resource for a fifth predetermined 
time period, wherein the ratio of the first predetermined 
time period to the Second predetermined time period is 
different than the ratio of the fourth predetermined time 
period to the fifth predetermined time period. 
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43. The computer system as defined in claim 26, wherein 
the idle condition is determined based at least in part on one 
or more of: 

the number of calls actively in a device driver associated 
with the computer resource; 

when the last call was made into the device driver; or 
the number of total calls have been made into the device 

driver. 
44. The computer system as defined in claim 26, wherein 

the idle condition is determined based at least in part on how 
long a first computer resource operation took. 

45. The computer system as defined in claim 26, further 
comprising instructions Stored in computer readable 
memory configured to determine a load on the computer 
resource based on one or more of: 

an average number of read and write requests queued for 
the computer resource during a Sample interval; 

an average number of read requests queued for the 
computer resource during a corresponding Sample 
interval; 

an average number of write requests queued for the 
computer resource during a corresponding Sample 
interval; or 

a number of outstanding computer resource requests. 
46. The computer system as defined in claim 26, wherein 

the background process accesses a Second computer 
resource during the Second predetermined time period. 

47. The computer system as defined in claim 26, further 
comprising the first process and the Second process. 

48. A method of allocating access to a computer resource, 
the method comprising: 

permitting a first process to access a computer resource 
for a first time period; 

after the first time period has elapsed, inhibiting the first 
process from accessing the computer resource for a 
Second time period; 

after the Second time period has elapsed, determining if 
the computer resource is idle based at least in part on 
a computer resource performance indicator, wherein 
if the computer resource is not idle, waiting for a third 

predetermined time period and again determining if 
the computer resource is idle, and 

if the computer resource is idle, allowing the first 
process to access the computer resource again. 

49. The method as defined in claim 48, wherein the 
computer resource is a mass Storage device. 

50. The method as defined in claim 48, wherein the 
computer resource is a magnetic Storage device. 

51. The method as defined in claim 48, wherein the 
computer resource is a graphics processor or a network 
interface. 

52. The method as defined in claim 48, wherein the 
performance indicator is a performance counter, and 
wherein the Second time period expires after the perfor 
mance counter ceases to provide an indication that the first 
process is accessing the computer resource. 

53. The method as defined in claim 48, wherein the 
Second time period is Selected to ensure that the determina 
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tion act does not incorrectly indicate that the computer 
resource is being used by another process. 

54. The method as defined in claim 48, wherein the 
performance indicator is a queue length associated with the 
computer resource. 

55. The method as defined in claim 48, wherein the 
performance indicator is a queue length associated with the 
computer resource, and wherein the first proceSS is inhibited 
from accessing the computer resource when there is a 
non-Zero queue length for the computer resource. 

56. The method as defined in claim 48, wherein the first 
proceSS is a file indexing process. 

57. The method as defined in claim 48, wherein the first 
proceSS is a file indexing process and the Second process is 
one of a word processor or an email process. 

58. The method as defined in claim 48, wherein the first 
proceSS is an indexing process that indexes one or more of 
email, files, or Web pages. 

59. The method as defined in claim 48, wherein the 
Second process is a word processor, a spreadsheet program, 
an email client, a database application, or a browser process. 

60. The method as defined in claim 48, wherein the ratio 
of the first predetermined time period to the Second prede 
termined time period is about 20:1, 10:1, 9:1, 8:1, 7:1, 6:1, 
5:1, 4:1, 3:1, or 2:1, or is a non-integer ratio. 

61. The method as defined in claim 48, further compris 
Ing: 

allowing the first process to access a computer resource 
for a fourth predetermined time period; 

after the fourth predetermined time period has elapsed, 
inhibiting the first proceSS from accessing the computer 
resource for a fifth predetermined time period, 

wherein the ratio of the first predetermined time period to 
the Second predetermined time period is different than 
the ratio of the fourth predetermined time period to the 
fifth predetermined time period. 

62. The method as defined in claim 48, wherein the 
performance indicator provides information relating to one 
or more of: 

the number of calls actively in a device driver associated 
with the computer resource; 

when the last call was made into the device driver; or 
the number of total calls have been made into the device 

driver. 
63. The method as defined in claim 48, wherein the 

performance indicator provides information relating to one 
or more of: 

the number of packets the computer resource has 
received; or 

the number of packets waiting to be sent by the computer 
CSOUCC. 

64. The method as defined in claim 48, wherein the 
performance indicator provides information relating to how 
long a first computer resource operation took. 

65. The method as defined in claim 48, the performance 
indicator provides information relating to on one or more of: 

an average number of read and write requests queued for 
the computer resource during a Sample interval; 
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an average number of read requests queued for the 
computer resource during a corresponding Sample 
interval; 

an average number of write requests queued for the 
computer resource during a corresponding Sample 
interval; or 

a number of outstanding computer resource requests. 
66. The method as defined in claim 48, wherein the first 

process accesses a Second computer resource during the 
Second predetermined time period. 

67. A System that allocates access to a computer resource, 
the System comprising: 

computer readable memory; and 

instructions Stored in the computer readable memory 
configured to: 

permit a first process to access a computer resource for a 
first time period; 

after the first time period has elapsed, inhibit the first 
process from accessing the computer resource for a 
Second time period; 

after the Second time period has elapsed, determine if the 
computer resource is idle based at least in part on a 
computer resource performance indicator, wherein 

if the computer resource is not idle, cause the first 
process to wait for a third predetermined time period 
and again determine if the computer resource is idle, 
and 

if the computer resource is idle, allow the first process 
to access the computer resource again. 

68. The system as defined in claim 67, wherein the 
computer resource is a mass Storage device. 

69. The system as defined in claim 67, wherein the 
computer resource is a magnetic Storage device. 

70. The system as defined in claim 67, wherein the 
computer resource is a graphics processor or a network 
interface. 

71. The system as defined in claim 67, wherein the 
performance indicator is a performance counter, and 
wherein the Second time period expires after the perfor 
mance counter ceases to provide an indication that the first 
process is accessing the computer resource. 

72. The system as defined in claim 67, wherein the second 
time period is Selected to ensure that the determination act 
does not incorrectly indicate that the computer resource is 
being used by another process. 

73. The system as defined in claim 67, wherein the 
performance indicator is a queue length asSociated with the 
computer resource. 

74. The system as defined in claim 67, wherein the 
performance indicator is a queue length asSociated with the 
computer resource, and wherein the first process is inhibited 
from accessing the computer resource when there is a 
non-Zero queue length for the computer resource. 

75. The system as defined in claim 67, wherein the first 
process is a file indexing process. 

76. The system as defined in claim 67, wherein the first 
process is a file indexing process and the Second process is 
one of a word processor or an email process. 
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77. The system as defined in claim 67, wherein the first 
proceSS is an indexing process that indexes one or more of 
email, files, or Web pages. 

78. The system as defined in claim 67, wherein the second 
proceSS is a word processor, a spreadsheet program, an email 
client, a database application, or a browser process. 

79. The system as defined in claim 67, wherein the ratio 
of the first predetermined time period to the Second prede 
termined time period is about 20:1, 10:1, 9:1, 8:1, 7:1, 6:1, 
5:1, 4:1, 3:1, or 2:1, or is a non-integer ratio. 

The System as defined in claim 67, further comprising 
instructions Stored in the computer readable memory 
configured to: 

allow the first process to access a computer resource for 
a fourth predetermined time period; 

after the third predetermined time period has elapsed, 
inhibit the first proceSS from accessing the computer 
resource for a fifth predetermined time period, wherein 
the ratio of the first predetermined time period to the 
Second predetermined time period is different than the 
ratio of the fourth predetermined time period to the fifth 
predetermined time period. 

80. The system as defined in claim 67, wherein the 
performance indicator provides information relating to one 
or more of: 

the number of calls actively in a device driver associated 
with the computer resource; 

when the last call was made into the device driver; or 
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the number of total calls have been made into the device 
driver. 

81. The system as defined in claim 67, wherein the 
performance indicator provides information relating to one 
or more of: 

the number of packets the computer resource has 
received; or 

the number of packets waiting to be sent by the computer 
CSOUCC. 

82. The system as defined in claim 67, wherein the 
performance indicator provides information relating to how 
long a first computer resource operation took. 

83. The system as defined in claim 67, the performance 
indicator provides information relating to on one or more of: 

an average number of read and write requests queued for 
the computer resource during a Sample interval; 

an average number of read requests queued for the 
computer resource during a corresponding Sample 
interval; 

an average number of write requests queued for the 
computer resource during a corresponding Sample 
interval; or 

a number of outstanding computer resource requests. 
84. The system as defined in claim 67, wherein the first 

process is allowed to accesses a Second computer resource 
during the Second predetermined time period. 
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